n Matrix JEE-(Advanced) 2016 CODE : 9
MATRIX JEE Academy PAPER-2

PART 1: PHYSICS
SECTION-I (Maximum Marks : 18)

1. The electrostatic energy of Z protons uniformly distributed throughout a spherical nucleus of radius R is given
by
p_3Z (z-1)¢’
5 4ne,R

The measured masses of the neutron, 'H,"’N and JO are 1.008665 u, 1.007825 u, 15.000109 u and
15.003065 u, respectively. Given that the radii of both the'’N and O nuclei are same, 1u=931.5 MeV/c*(c
is the speed of light) and e?/(4ne ) = 1.44 MeV fm. Assuming that the difference between the binding energies
of ’N and ;'O is purely due to the electrostatic energy, the radius of either of the nucleiis - (1 fm =10""m)
fT;k R oky ,d xkykdkj ukftkd (nucleus)e Z ikVku Bekuz 1 1 forfjr gA , b ukitkd dh fLFkj fo] r Atk uhp
leidj.kenixbg&
g3 Z(Z-1)¢?
5 4mg,R

U;Vku] 'H,N 0 PO ukftkdk (nuclei) d eki x; nl;etu @e*i 1.008665 u, 1.007825 u, 15.000109 u ,0
15.003065 u gA N Vkj °O ukftkdk di f=kT;k;+ Beku-nh xb gA Tu=931.5 MeV/c? (tgk ij c idk’k dn xfr
g) Vkj e¥/(4ne,) = 1.44 MeV fimA ;fn N ,0%0 di c/kd Athvk di vrj f1Q fLFkj fo]r At d dkj .k g]
rk nkuk e 1 fdIh Hh ukitkd dh f=kT;k D3k gkxi\ (1 fm = 10> m)
(A)2.85fm (B)3.03 fm (C)3.42 fm (D)3.80 fm

Ans. C

Sol.  Electrostatic energy=BE, —BE
=[TM, +8M, —M] - [8M, +TM, ~M_] x C?
=[-M,+M_+M,—M ]C
=[-1.007825 + 1.008665 + 15.003065 — 15.0001.9] x 931.5
=+3.5359 MeV

AE:§x1'44X8X7—§x1'44X7X6
5 R 5

_ 3x1.44x14
 5%3.5359

2. The ends Q and R of two thin wires, PQ and RS, are soldered (joined) together. Initially each of the wires has

a length of Im at 10°C. Now the end P is maintained at 10°C, while the end S is heated and maintained at

=3.5359

=3.42fm

400°C. The system is thermally insulated from its surroundings. If the thermal conductivity of wire PQ is twice
that of the wire RS and the coefficient of linear thermal expansion of PQ is 1.2x10°K™", the change in length
of'the wire PQ is -

,d iry rij PQd Nij Qdk vU; 1ry rkj RSd Nkj R 1j Vkdk yxkdj (soldered) €Mk x;k gA 10°C 1}
nkuk rkjk dh yEckb 1m gA vc bl fudk; d Nkj P rik Nkj S dk @eli 10°C rFik 400°C 1j fLFkj j[k €hrk
gA ;g fudk; pkjk vkj I A'ekjiki gA ;in rkj PQ dh A'ek pkydrk rkj RS di A'ek pkydrk I nxuh g rfk
rij PQ dk j[; A'eh; of) x.kd 1.2x10°K-'g] rc rkj PQ dh yEcko e ifjoru dk eku g &

(A)0.78 mm (B) 0.90 mm (C) 1.56 mm (D)2.34 mm
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Ans. A
P Im  gr Im S
d/=dxo (60— 10)
6-10) 130
Al=[dl ( " j:T =0=10+130x
1 X2
Al = (130x)adx Al =1300, —
Al=130x1.2x10" x% =78x107 =0.78mm
3. An accident in a nuclear laboratory resulted in deposition of a certain amount of radioactive material of half-life
18 days inside the laboratory. Tests revealed that the radiation was 64 times more than the permissible level
required for safe operation of the laboratory. What is the minimum number of days after which the laboratory
can be considered safe for use?
,d ukfkdh; 1 ;kx"kyk e n%Vuk dh otg I jiM;k,fDVo 1nkFk di AN el=kk tek gk x;h] fEldh v/k; 18 fnuk
dh gA ik 1 ik pykfd i skxleyk e fofdjk dk LejBfkr Lrj 1 64 x. T;knk FUA U; ure fdru fuk
d ckn i ;ix"kyk die dju d fy, Bjffr gixi &
(A) 64 (B)90 (C) 108 (D) 120
Ans. C
Sol. A=A
= % = Aoz'Mﬂ = 6= é =  t=6T, =108days
4. There are two Vernier calipers both of which have 1 cm divided into 10 equal divisions on the main scale. The

Vernier scale of one of the'calipers (C,) has 10 equal divisions that correspond to 9 main scale divisions. The
Vernier scale of the other caliper (C,) has 10 equal divisions that correspond to 11 main scale divisions. The
readings of the two calipers are shown in the figure. The measured values (in cm) by calipers C, and C,,
respectively, are

nk ofu;j dfyil bl rjg I g fd mud e[; ieku dk 1cm, 10 Retlkxk e foflkfer gA ,d dfyij (C,)d ofu;]
iefu ij 10cjkcj Hkx g tk fd e[; ieku d 9Hkxk d cjkcj gA nlj dfyij (C,) d ofu;j teku ij Hi 10
cjkcj tkx g tk fd e[; ieku d 11 Hkxk d cjkcj gA nkuk dfyil d iBuk dk fp=k e nK;k x5k gA C, rFk
C, Hjk eki x, Igh efu (cme) @e’k g &
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Ans.

Sol.

Ans.

Sol.

JEE Academy

2 3 4
mnrmnnmnm

i T

5 10
2 3 4
mmnmnm

! RRRRNRAREE
0 5 ° 10

(A)2.87 and 2.86 (B)2.87 and 2.87 (C)2.87 and 2.83 (D) 2.85and 2.82

C

For vernier C,

10 VSD =9 MSD =9 mm

1 VSD=0.9 mm

=LC=1MSD-1VSD=1mm-0.9 mm=0.1 mm

Reading of C, =MSR + (VSR)(L.C.) = 28mm+(7)(0.1)

Reaing of C, =28.7 mm =2.87 cm

For vernier C, : the vernier C, is abnormal,

So we have to find the reading from basics.

The point where both of the marks are matching :

distance measured from main scale = distance measured from vernier scale

28mm + (1mm)(8) = (28 mm + x) + (1.1 mm) (7)

solvingx =0.3 mm

Soreading of C, = 28 mm +0.3 mm =2.83 cm

A gasisenclosed in a cylinder with a movable frictionless piston. Its initial thermodynamic state at pressure P,
= 10°Pa and volume V, = 10~ m’ changes to a final state at P =(1/32)x10°Pa and V = 8x 10°m? in an
adiabatic quasi-static process, such that P*V* = constant. Consider another thermodynamic process that brings
the system from the same initial state to the same final state in two steps : an isobaric expansion at P. followed
by an isochoric (isovolumetric) process at volume \z The amount of heat supplied to the system in the two-
step process is approximately

,d [K[ty cyu] fele ,d %%k jfgr pyk;elu filvu yxi gl e ,d x1 cn gA fudk; di ikjfekd A'erxirdh
VOLF (thermodynamic state) & X1 dk ncko P,=10°Pa rAik vk;ru V.=10°m’gA ,d -)k'e LRfrddYi
(adiabatic quasi-static) di if@; ftle P3Vs = flHjkd g] 1 fudk; vire A'ekxfrdh volFk P = (1
32)x10°Pa rfk V,= 8x10°m’ e ifjofrr gk thrk gA ,d nlj A'eixfrdh if@;k e ogh ikjftkd ,o0 vire
VOLFk, nk pj.kk e i.k di thri g b igy pj.k e P.ij Neku ncko of) d ckin nlj pj.ke ,d lefu vk;ru
105k V.viru i girh gA nk pj .k okyh ifd;k e fudk; dk nh xb A'ek dh elek yxikx g &

(A)112] (B)2941J (C) 5881 (D)8131J

C

Y =§ = monoatomic gas
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From first law of thermodynamics
H=W+ AU
W =PAV
=7001J
AU=nC AT
= E[vaf _PiVi] = _@J
2 8
So, H=W + AU = 588]
6. A small object is placed 50 cm to the left of a thin convex lens of focal length 30 cm. A convex spherical mirror
ofradius of curvature 100 cm is placed to the right of the lens at a distance of 50 em. The mirror is tilted such

that the axis of the mirror is at an angle 0 = 30° to the axis of the lens, as shown in the figure.

f=30cm

(50+50+/3,-50)

If the origin of the coordinate system is taken to be at the centre of the lens, the coordinates (in cm) of the point
(x, y) at which the image is formed are -

,d Nivh oLr dk 30cm Qkd | njh (focal length) oky ,d iry mlky (convex)y 1 dh cko vkj 50 cm dh njh
ij j[I x;k gA 100 cm i 0@ rk F=4T 5k oky , d mUky xkykdkj ni.k dk y I dh nkb vkj 50 cm dh njh ij j[k
X;kgA nikdikbl rjg 1 >dk;k x;k g fd nik dk vk yl d vk I 6=30°dk dk.k cukrk g] €lhk fp=k e
nkk;k x;k gA

(50+50+/3,—50)

;fn fun™fkd 1)fr dk ey fcin yl d e/; e gk rk tgk ifrfcc cuk g ml fcUn dk funfkd (x, y) BVielVj €]
D;k gkxk\
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Ans.

Sol.

(A) (25,25V3) ) (125/3,25/33) (0) (50-25V3,25) (D) (0,0)

None

N
.
I

- ----——---—-—--
"y Al

U

50 cm

First Image I, from the lens will be formed at 75¢m to the right of the lens.

Taking the mirror to be straight, the image I, after reflection will be formed at 50 cm to the left of the mirror.
On rotation of mirror by 30° the final image is ..

So x =50 —50c0s60°=25cm

and y = 50sin60° = 25./3¢cm

SECTION-II (Maximum Marks : 32)
While conducting the Young's double slit experiment, a student replaced the two slits with a large opaque plate
in the x-y plane containing two small holes that actas two coherent point sources (S, S,) emitting light of
wavelength 600 nm. The student mistakenly placed the screen parallel to the x-z plane (for z>0) at a distance
D = 3m from the mid-pointof S S,
0.6003 mm. The origin O is at the intersection of the screen and the line joining S S,. Which of the following

as shown shematically in the figure. The distance between the sources d =

is(are) true of the intensity pattern on the screen?

[=]

)

o

zi B

/,:::\\\ /,:‘: @

e y
S; S,

«—d— x
D >

(A) Hyperbolic bright and dark bands with foci symmetrically placed about O in the x-direction

(B) Semi circular bright and dark bands centered at point O

(C) The region very close to the point O will be dark

(D) Straight bright and dark bands parallel to the x-axis

,d fo| kR u ;x nkfLyV oky i;kx (Young's double slit experiment) djr le; nk fLyVk dh txg ,d cMh lery
vikn'h 1V dk x-y ry 1j j[kfn; A b1 1VVh e nk NkV fNn g €k 600 nm rjxn/; 1dkk mRilu dju oky
nk dyklc) feln L=tk (S, S,)d Beku gA fo JkFb u xyrh 1 in (screen) dk x-z ry (z>0)d lekudrj S.S,
de/; fcin 1 D=3mdh njh 1j j[k fn;k €0k fd 0; oLFk&fp=k e fn[k;k x;k gA L=kkrk d chp dh njh d =
0.6003 mm gA S S, dk tkMu okyh j[i €gk in I feyrh g ogk ij eyfcn OgA in ij riork ifrZi (intensity
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pattern) d fy, furdfyf[ir e I dkulk@diul dFiu 1%; g@g\

[}
[}
[
zf B
/’:::\\ /’:::\\ @
=N
1// ENSVERSERNTE e}
1 o = o ! y
S / S
1 SQ
«—d — x

D

(A)x-fn"fk e fcln O d fxn lefer Qkd Bk d Nk virijoyf;d (Hyperbolie) nilr rFk vnhlr 1fVV;k
(B) fcln O 1j dfinr v/kort; nilr rfk vnhlr 1fVV;k

(C) fcln O dk fudVre {k=k vnhir gkxk

(D) x-v{k d Bekukirj nhlr rFk vnhir Ik §fVV;k

Ans. BC
Sol.  from theory fringes will be semi circular
d 1
—=1000+—
and ) >
A
at 0 Ax:1000k+5
so at 0 it will be dark
8. In an experiment to determine the acceleration due to gravity g, the formula used for the time period of a
7(R-r)

periodic motionis T =271 . The values of R and r are measured to be (60 + 1) mm and (10+ 1)

mm, respectively. In five successive measurements, the time period is found to be 0.52s, 0.56s, 0.57s, 0.54s,
0.54s and 0.59s. The least count of the watch used for the measurement of time period is 0.01s. Which of the
following statement(s) is(are) true?

(A) The error in the measurement of ris 10% (B) The error in the measurement of T is 3.57%

(C) The error in the measurement of Tis 2% (D) The error in the determined value of g is 11%
7(R—r)
5g
r dk ekik x;k eku @e*kt (60 + 1) mm rFk (10 + 1) mm gA yxkrkj ikp ekiu e ekik x;k Be;dky 0.52s,0.56s,
0.57s, 0.54s, 0.54s rFk 0.59s gA le;dky d ekiu d fy, i;kx e yk;h x;h %Mh dk vYiRekd 0.01s gA

futufyf[kr e 1 dkulk@dkul dFfu IR; g@g\

X -Roh; Roj.k gd fulij.k d ,d i;kx e i;Dr vkori&xfr dk le;dky dk b=k T=2x gA R rFk

(A)rd ekiu e =V 10% gA (B)Td ekiu e =V 3.57% gA

(C) T d ekiu e =KV 2% gA (D) g d fudky x; eftu e =V 11% gA
Ans. ABD
Sol.  ErrorinT

T - 0.52+0.56+0.57+0.54+0.59 0,556 ~ 0.565

mean
5
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AT .. =0.02

mean

0.02
- error in T is given by 0. 56><100 3.57%

Errorinr= %XIOO =10%

Erroring

§=(AR+M) 28T 2 90,0357
g R-r T 50
. Ag
g
9. A rigid wire loop of square shape having side of length L and resistance R is moving along the x-axis with a

—x100~11%

constant velocity v, in the plane of the paper. At t = 0, the right edge of the loop enters a region of length 3L
where there is a uniform magnetic field B, into the plane of the paper, as shown in the figure. For sufficiently
large v, the loop eventually crosses the region. Let x be the location of the right edge of the loop. Let v(x), /(x)
and F(x) represent the velocity of the loop, current in the loop, and force on the loop, respectively, as a function

of x. Counter-clockwise current is taken as positive.

XXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXX
X X X X X XX XXXXXXHXXXXXX)
X XX XXX XXEXXXXXXAXXX XXM
<4 xxxxxxxi:xxxxxxxx}xxxxxi:

b2y
AAAA.

>
€ 1; ’X XXXXXXEXXXXXXAHXXXXX X

X X X X XXX EXXXXXXHXXXXXX
XXXXXXXXXXXXXXXXXXX XXX
Vo —s XXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXX XX
L L 1 = L 1 >
I T T T 7 T > X

0 L 2L 3L 4L

Which of the following schematic plot(s) is(are) correct? (Ignore gravity)

,d oxh; vkdfr okyk rkj dk n< Qnk] feld Heek dh yckb L ,0 ifrjkk R g] x-v{k dh fn*k e ,d fLFkj xfr
v, 1 bl dixt d Iyu ij (plane of the paper) Xfreku gA Ie; t=0ij Qn dk nkfguk fdukjk 3L yckb d fLFj
pcdh; {k kB, e 10’k djrk gA pcdh; jLkvk di fn*ik dixt d lyu d ycor vnj dh vkj g (tlk fd fp=k
e n"k;k x5k A v, dk eku 15K gku 1j virrkxkok Qnk pedh; {k= dk ikj djrk gA etu fyft, dh Qn di
nkfguh Hktk LFkku x 1j gA Qn dh xfr] Qn e /Kjk ,0 Qn 1j cy dh x 1j fulkjrk dk e’k v(x), I(x) ,0 F(x)
I fuzfir fd;k x;k gA okeor /jk dk Tk€EfVo yA
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XXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXX

X X X X X X X
X X X X X X X J

b2y
AAAA.

>

€ L ’XXXXXXX
X X X X X X X

> b3
>
XXXXXXX::XXXXXXN

X XXX XXX
X XXX XXX

X XX X XXX
X X X X X XX

X XX X X X
X XXX XHZ
xxxxxxk
XXX XXX
X X X X X X

XXXXXXXXXXXXXXXXXXXXXX
VO—) XXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXX
L L 1 i

I T T T 7 T > X
0 L 2L 3L 4L
futufyf[kr e 1 dkulk@dkull 0;oLFk fp=k Bgh g@g\ (x -Rokd'.k ux.; eku)
F(x)
(A) (B) 0 t 2L 3L 4L
t t l x
2L 3L 4L /
I(x)
\ v(x)
s 4L
O I o YRS (D)
0 L 2L S8L 4L
Ans. CD
Sol.  Forright edge of loop fromx=0tox =L
. vBL
1=+
272

Foilp=YBL (leftwards)

dv vBL’
-mv— =

dx R

B’L’

v(x) = v, ——x

_v,BL B’

X

I(X) R _mR2
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272 41 4
F(x) = VB L B L2 x(leftwards)
R mR

10.

Ans.

Sol.

Light of wavelength Xph falls on a cathode plate inside a vacuum tube as shown in the figure. The work functions
ofthe cathode surface is ¢ and the anode is a wire mesh of conducting material kept at a distance d from the
cathode. A potential difference V is maintained between the electrodes. If the minimum de Broglie wavelength

of the electrons passing throught the anode is A , which of the following statement(s) is(are) true?

AJrrLight

5
PO

E% Electrons

<

+

(A) For large potential difference (V >> ¢/e), A is approximately halved if V is made four times

(B) A, increases at the same rate as Xph for kph <hc/¢

(C) A is approximately halved, if d is doubled

(D) A, decreases with increase in ¢ and kph

A, rixn/; diidkk fuokr ufydk (vacuum tube) d vnj ,d dRdM i fXjrk g] €lk fpsk e n*lk x5k gA
dréM dh Trg dk dk;Qyu ¢.g ,0 ,ukM] €k fd ,d pkydh; 1nkFk d rijk dh €kyh g] dF6M B d njh 1§ fLFkr
gA byDViMk d chp dk fofkolUrj VLR gA 5tn ,ukM dk 1kj dju oky byDVkuk dh U;ure Mh ckkyh (de Broglie)
rjxn/; i g futufyffkr e I diulk@dkul dfu IR; g@g\

A‘IJ‘Itight

%% Electrons

<

+

(A) mPp fotkoklrj (V>>d/e) 1 vXj V dk pkj Xuk c<k;k &, rk & yxtx vikk gk €k, xkA
B)vxj A, <hc/pg rkar d N A ,d Tetunj 1 c<xiA

(C)d dk nxuk dju ij A yxHx VK gk €k, XKkA

(D) ¢ Vkj 2, dk c<iu 1 A, de gixiA

A

Equation Becomes

2
By P
oH 2m
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11.

hC h?
—+eV—-0¢=
A ¢ 2m\.

pH

¢

For V>>—
€

2

= ¢<<eV and h—C<<eV:>eV:—2
2mA;

pH

KeocL

N

when V is made four times A _is halved.
Two thin circular discs of mass m and 4m, having radii of a and 2a, respectively, are rigidly fixed by a massless,

rigid rod of length ; — \/244 through their centres. This assembly is laid on a firm and flate surface, and set
rolling without slipping on the surface so that the angular soeed about the axis of the rod is . The angular
momentum of the entire assembly about the point'O' is L (see the figure). Which of'the following statement(s)

is(are) true?

(A) The magnitude of angular momentum of the assembly about its center of mass is 17ma’w/2

(B) Thé magnitude of the z-component of L is 55ma®

(C) The magnitude of angular momentum of center of mass of the assembly about the point O is 8 Ima’®
(D) The center of mass of the assembly rotates about the z-axis with an angular speed of /5

m rAk4m n0;eku okyh nk iryh orkdkj pfedk, (discs), feudh =T ;k; @ek a rfk2ag] d dink dk 7 =+/24a
yEckb dh n0;eku jfgr n< MM I €Mk x;k gA bl leg dk ,d eter Bery Irg i fyVk;k x;k g vkj fQIyk;
fcuk bl rjg I %ek;k x;k g fd bhdh dk.kh; xfr MMh d v{k d fxn o gA 1j Beg dk fcin 'O’ d fxn dk.k;

lox L g (fp=k nf[k;)A fubufyf[kr e 1 diulk@dkul drwu IR; g@g\
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(A)ij leg dikmld Igfr&dn d fxn dk.kh; Box dk ifjek.k 17ma’w/2g

B) L d z-%vd dk ifjek.k 55ma’w g
(C) 1) leg d Ngfr&dn dk fcin O d fxn dk.k; Box dk ifjek.k 81ma’m g
(D) 1j Beg dk Igfr&dn z-v{k d fxn dk.kh; ox /5 1 %e jok g

Ans. AD

Sol.

(D) Velocity of point P : aw = /Q) then

=2
!

Angular velocity of C.M. w.r.t z axis = cos 0

a0V o 2
CM.~z | @ \/ﬁa 5

= Angular velocity of C.M. w.r.t point O.

Ocn—, =

ma®  4m(2a)’° 17ma’o
o+ o=

2 2 2

B) Ly cu =

9/ 9/ 8Im/’Q 8lm/* aw
L =(5m)| —Q |—= = x
(C) Leno =( ){ 5 } 5 5 5 ]

lmlaw 8 lx/ﬁazmoo
LCM—O = 5 = 3

(A)L, =L, ,c0s0-L, .,,sin0

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in



Matrix JEE-(Advanced) 2016

12.

Ans.

Sol.

13.
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81v24 V24 17ma*e 1 81x24ma’e 17ma’e
= a’mox - X— = _
5 5 2 24 25 2424

Consider two identical galvanometers and two identical resistors with resistance R. If the internal resistance of
the galvanometers R . <R/2, which of the following statement(s) about any one of the galvanometers is(are)
true?

(A) The maximum voltage range is obtained when all the compoenents are connected in series

(B) The maximum voltage range is obtained when the two resistors and one galvanometer are connnected in
series, and the second galvanometer is connected in parallel to the first galvanometer

(C) The maximum current range is obtained when all the components are connected in parallel

(D) The maximum current range is obtained when the two galvanometers are connected in series and the
combination is connected in parallel with both the resistors

nk ,dleku xYoukelVj rfk ,dleku ifrjk/k R oky nk ifrjikd fn; x; gA ;fn xYoukehVy dk vkrfyd ifrjk/
(R.<R/2] rifdlt Hi ,d xYoukelVj d cij e fn; x, fubufyffir dFuke 1 duli@diul IR; g@g\
(A) illr di xb okWVrk ifj1j vikdre gixi tc 1# 2%vVd J.h e €M g, g

(B) ikir dh xb okYVrk ifjlj vikdre gixh tc nk ifrjkkd rAk ,d xYoukelVj J.kh e €M g rFk nljk
xYoukehVj 1gy xYouketVj d lekukrj e tMk.g

(C) ikr dh xb Ak ifj1j vifidre gixi ¢ BHh AVd Belulrj e €M g

(D) ikr di xb ifj1j vikdre gixi tcnk xYoukeiVj J.Me €M g rik ; 1:ktu ifrjiidk d 1iFC Tetullr
e tVk gA

AC

For maximum voltage range across a galvanometer, all the elements must be connected in series.

For maximum current range through a galvanometer, all the elements should be connected in parallel.

In the circuit shown below, the key is pressed at time t = 0. Which of the following statement(s) is(are) true?

40 up\/ 25kQ

O]
+
(A 50kQ /\ 20 uF
o~ ,f!,‘
Key 5V

(A) The voltmeter displays —5V as soon as the key is pressed, and displays +5V after a long time
(B) The voltmeter will display OV at time t =In2 seconds
(C) The current in the ammeter becomes 1/e of the initial value after 1 second

(D) The current in the ammeter becomes zero after a long time

uhp fn[k; x; ifjifk e Be; t=01j cVu dk nck;k x;k gA futufyf[kr e 1 dkulk@dkul dFu IR; g@g\
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40 uF/ 25kQ

O)
+
@ 50 kQ /‘ 20 uF
o~ =
Key 5V

(A) fVu dk nckr gh okYVelVj —5V fn[krk g tcfd yc le; d ckn ok +5V fn[kkrk gA
(B) le; t=1In2 1d.M 1j okYVelVj *K; okYV fn[krk g

(C)1 Id.M d ckn velVj e Mgk tkjfEtkd gk dk 1/e x.k gk g

(D)yc le; d ckn velVj e Kk "WU; gk €rh g

Ans. ABCD
Sol. (A Att=0
+
®
| |
+l '=
5V
Att=o
+
@ :
| |
+l =
5V
(B)Att=1In2 AV 6= AV0
(C) Using q=q,(1-¢")

i= % - % o V/RC

14. A block with mass M is connected by a massless spring with stiffness constant k to a rigid wall and moves
without friction on a horizontal surface. The block oscillates with small amplitude A about an equilibrium posi-
tion x . Consider two cases : (i) when the block is at x ; and (ii) when the block is at x = x, +A. In both the
cases, a particle with mass m(<M) is softly placed on the block after which they stick to each other. Which of

the following statement(s) is(are) true about the motion after the mass m is placed on the mass M?
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Sol.

/ M
(A) The amplitdue of oscillation in the first case changes by a factor of M’ whereas in the second case

itremains unchanged

(B) The final time period of oscillation in both the cases is same

(C) The total energy decreases in both the cases

(D) The instantaneous speed at x  of the combined masses decreases in both the cases.

,d nl;eku&jfgr fLix] feldk n<rk x.kd &gl d ,d Nkj 1] M n0;eku dk ,d xVdk €Mk g] rFk nllj Nkj
dk n< nhokj 1 €kMk x5k gA ;g xVdk ,d lery X%.k&jfgr Trg 1j ,d Drfyr fLRfr x d fxn NKV vk;ke
Al nkyu djrk gA ;ok nk IfjfLRfr sk ekfu, (i) te xVdk x, 1j g wkj (ii) €€ XVdk x = x +Aij gA nkuk
ifjfLAdr;k e n0;eku m(<M)d ,d d.k dk xvd ij /iy 1 bl idkj jk tkrk g fd og rjr xvd I fpid
thrk gA d.k dk xvd d Aij j[u d cin xfr d ckj e futufyf[kr e I dkuli@dkul dru IR; g@g\

(A) 1gyh IfjfLRfr e nkyu dk vk;ke «/ﬁ H&T; 1 1fjofrr girk g] €cfd nljh ifjfLRfr e ;g vifjofrr

jorkg

(B) nkuk 1fjfLFkr;k e nkyu dk vire le;dky letu g

(C) nkuk ifjfLAfr;k e BEi.k Atk de gk thrig

(D) Iftefyr n0;eku dh x ij riRfkf.kd xfr nkuk ifjfLFifr;ke de gk tkri gA

ABD
X=X,
MV:(m+M)V'
(o)
v'= v
m+M
A'm'—( M jAm
m+M
A'= M A
m+M

{
(00006000000 [
x X=X, TA

No change in Amplitdue and no loss of energy.
SECTION-III (Maximum Marks : 12)
PARAGRAPH 1

A frame of reference that is accelerated with respect to an inertial frame of reference is called a non-inertial
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fram of reference. A coordinate system fixed on a xcircular disc rotating about a fixed axis with a constant

angular velocity o is an example of a non-inertial fram of reference. The relationship between the force Frot

experienced by a particle of mass m moving on the rotating disc and the force En experienced by the
particle in an inertial frame of reference is

Frot

=F, +2m(V,, x®)+m(dxF)xd,

rot

where V_, is the velocity of the particle is the rotating frame of reference and 7 is the position vector of the

rot
particle with respect to the centre of the disc.

Now consider a smooth slot along a diameter of a disc of radius R rotating counter-clockwise with a constant
angular speed m about its vertical axis through its center. We assign a coordinate system with the origin at the

center of the disc, the x-axis along the slot, the y-axis perpendicular to the slot and the z-axis along the rotation
axis (50 = 0)12) . A small block of mass m is gently placed in the slotat t = (R / 2) 1 att=0and s constrained

to move only along the slot.
,d fun® r=k €k ,d tMRoh; fun®k r=k dh ryuk e Rofjr gkl vEMRoh; funk r=k dgykrk gA fLFj dk.ki; ox
o I %erh gb fMLd i ¢) fun® r=k vtMRoh; r=k dk ,d mnigj.k gA mn0;eku dk ,d d.k %erh gb fMLd

ij xfrelu gA xfrelu d.kfMLd ij ¢) fun’k r=k d Bkifkcy F_ rAk ,d €MRot; fun'k r=k d Bkifkcy E,
dkeghl djrigA F_ rAk E_d cip.dk Ick fubufyf[kr Teidj.k e fn;k x5k g

;ok 1) v, %er g, fun'k r=ke d.kdk ox g rFk 7 d.k dk fMLd d e/; fcin d Bkifk fLRfr Bfn"k gA
ekfu, fd RfT;k dh ,d fMLd] fEle 0;k1 d Bekullrj ,d Xk.kjfgr [kpk g] ,d fLRj dk.b; xfr o I viu

vik 1 okekor fn'ik e %e joh-gA ,d fun’k r= ekfu, feldk eyfcn tMLd d e/; fcln 1j g ,0 x-v{k [kp

=F, +2m(V,, x®)+m(dxF)xd,

d Tetuilrj gl y-v{k [p-d villyEc ij g .0 z-v{k Aeu okyt vii d Belulir g (& =cwk)A mni;eku oy

,d Niv xvd dk le; t=0 1j f:(R/z)i fcUn 1y /oy 1 bl rjg 1 j[k tkrk g fd ok f1Q [kp e gh py
1dA

15. The distance r of the block at time tis -
le; tij xvd dhnjh rdk eku g &
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Ans.

Sol.

16.

Ans.

Sol.

(A) %(ez“" + e_z‘“‘) (B) %cos 20t (C) %cos ot (D) %(e"’t + e""")

D
mre’ =ma

a=ro’

v 2 T
— =10 : IO vdv =@ rdr

r dr t
.[R/Z R2 - J‘O (Ddt
LR a)
4
R
Assume: I'= ESGC 0

B sec Otan 6dO

R
dr:—secﬁtanGdG;J. 2
2 RZ 2.
—tan” 0
4

The net reaction of the disc on the block is -

xVd ij fMLd db.uV ifrfd;k g &
(A) —ma’R cos mtj —mgk (B) mo’R sin otj— mgk

2r +4r’—R?

:jtmdt;mt:ln[—+—}
0 R

R

r= %[e‘”‘ + e*‘”t]

A

(C) %moazR (e“’t - ) j+mgk (D) %msz (ezmt —e ™ ) j—mgk

PARAGRAPH 2

Consider an evacuated cylindrical chamber of height h having rigid conducting plates at the ends and an insu-

lating curved surface as shown in the figure. A number of spherical balls made of a light weight and soft material

and coated with a conducting material are palced on the bottom plate. The balls have aradius r <<h. Now a

high voltage source (HV) is connected across the conducting plates such that the bottom plate is at +V , and

the top plate at— V. Due to their conducting surface, the balls will get charged, will becomes equipotential with

the plate and are repelled by it. The balls will eventually collide with the top, where the coefficient of restitution

MATRIX JEE ACADEMY : Piprali Road, Sikar Ph. 01572-241911, www.matrixedu.in
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17.

Ans.

Sol.

18.

Ans

can be taken to be zero due to the soft nature of the material of the balls. The electric field in the chamber can
be considered to be that of a parallel plate capacitor. Assume that there are no collision between the balls and
the interaction between them is negligible. (Ignore gravity)

h Apkb oky fuokfrr ,d cyukdkj dfk d nkuk Nkjk ij nk n< pkyd iVvidk, g vkj midk o@i"V vpkyd g
€k fd fp=k e n'lk;k x;k gA de Hij okyh eyk;e ik I cuh g:h db xkyidkj xky ;K feudh Irg ij ,d
pryd iniF di ijr p<h g] unp okyh ifvVdk ij j[ih gb gA bu xkfy sk di Tk r<<hgA vc ,d mPp okYVrk
dk Ltkr (FV) bl rjg 1 Mk ek g fd ubp okyh ifvvdk ij +V, ,0 Aij okyh ifvvdk ij —V, o foto
vk thrk gA pryd ijr d dij.k xify sk viof*kr gidj ifvvdk d ik Tefoo gk thr g el d dij.k o ifvvok
I ifrdfir gkrh gA virrixdok xkfy sk Aijh ifvvdk I Vdjikrh g] gk ij xkfysk d inkft dh eyk:e idir d
okj .k iR; oLFku x.d (coefficient of restitution) dk "IU; fy sk & 1drk gA df e fo]r =k di I ekulrj ifvvdl
oty IAj=k d Retu etuk & 1drk gh xidy:sk di ,d nlj I ikjLifjd 1@k ;0 Vdjlo dk ux.; ekuk € Idrk
gA (X zRokd'k.k ux.; gA)

(a)—
&

gl
6%0® )

+

Which one of the following statements is correct ?

(A) The balls will bounce back to the bottom plate carrying the opposite charge they went up with

(B) The balls will execute simple harmonic motion between the two plates

(C) The balls will bounce back to the bottom plate carrying the same charge they went up with

(D) The balls will stick to the top and remain there

futufyffkr e I dkulk-dfu IR; g\

(A) xkfy sk FEl vio'k d Ik Aij thrt g mid foijir vio'k d Bk mNydj fupyh ifvwdk ij oki | vk thr
g

(B) XKy sk nkuk 1fVWWdkvk d chp By vior xfr fu'ikn djxh

(C) xify ;k el vio'k d NiFk Aij thrh g mIh vio'k d ik mNydj fupyh ifvvdk ij okil vk thri g
(D) xkfy sk Aijh ifvvdk ij fpiddj ogh jg thrh g

A

After coming in contact with upper plate, spherical balls will transfer their positive charge there by completing
the flow of charge in the circuit and they will become negativity charged. Then due to electric field, they will
again come back to lower plate and the process will repeat.

The average current in the steady state registered by the ammeter in the circuit will be

(A) proportional to V2 (B) proportional to V;
(C) proportional to the potential V, (D) zero

ifjifk e yxk, velVj e LFRk;h volFk e vklr Ak &

(A) V2 d lefuikrh gix (B) V2 d lekuikrh gkxh
(C) V,d lekuikrh gkxh (D) dk eku "WU; gkxk

B
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q
i,=—
EOAL
q oV, (charge carried by spherical balls)
time taken in going from one plate to another

Sol.

lat2 =h
2
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